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SUMMARY
The author presents a prospective study in which he uses
the external fixation method associated with the autogenous bone
graft for the management of articular and metacarpal distal ra-
dius fractures. Thirty-six patients with a mean age of 52,2 years
were treated. The follow-up had an average duration of 36,2 mon-
ths. The stability of the reduction and its maintenance were as-
sured by the external fixation with the autogenous bone graft. In
the patients who underwent a densitometric analysis of the bone
mass, the presence of the autogenous mass showed statisti-
cally steady in the long run. With this technique the rehabilitation
could be antecipated and began in the immediate postoperative
period, thus favoring the mobilization. In the fourth week the ex-
ternal fixation device is removed, this restoring the free move-
ment of the wrist, except for the extension which is hampered by
a splint of dorsal situation for two additional weeks. In the review
of the data resulting from the treatment the anatomical and func-
tional features were considered. The anatomical findings were
obtained from radiographic examinations on the patients. The
analysis of these outcomes were based on the Scheck method
(1962) and were graded excellent in 72% of the cases, and good
in 28%, satisfactory as a whole. The data related to the function
obtained were evaluated based on the Green And O’Brien sys-
tem (1978)  modified by Cooney et al.(1987). In the 24th week,
14% were considered unsatisfactory and 86% satisfactory. At 12
months and in December,1999,  they were considere satisfac-
tory as a whole. The complications detected during the treat-
ment were: pin site infections in 8,31% of the cases, and transi-
ent symptoms of post-traumatic sympathetic dystrophy in 8,33%,
all of them thoroughly resolved with appropriate therapy. In 33%
of the patients there were also identified signs of post-traumatic
pseudoarthrosis of the ulnal styloid process which however evol-
ved asymptomatically in all cases under review.
Keywords: Distal fractures; External fixator; Bone Transplantati-
on; Densitometry.
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INTRODUCTION
Among the fractures occurring on upper limb, those of distal
radius are the most frequent, estimated as accounting for 16%
of all skeletal fractures. An epidemiologic study stated that distal
radius fracture accounts for up to 74.5% of the forearm fractu-
res, with an incidence of approximately 1:10.000 individuals(1).
Today, radius distal end fracture is seen as a complex lesion,
with a variable prognosis, depending on the kind of treatment
adopted. This can be divided into conservative methods - or non-
surgical methods – and surgical reduction methods. Within con-
servative methods, some deviation degrees on fractures align-
ment are acceptable, emphasizing the functional outcome. In
the surgical reduction, the importance of the anatomical outco-
me is highlighted, correlating it to the functional outcome.
The bloodless reduction, which consists on a forced mani-
pulation of the distal fragment, followed by immobilization with
plastered devices or splints, with wrist strongly flexed and ulnar
shift (Cotton-Loder position)(2), has been the most common tre-
atment for this kind of fracture for a long time. However, if this is
reasonably easy for obtaining a fracture alignment, the same
does not happen with reduction maintenance. There is a high
incidence of fracture shift recurrence and unsatisfactory results
with this kind of treatment.
In order to obtain fragments reduction and to keep them alig-
ned until they are united, many methods have been proposed:
wedges on plaster(3), percutaneous fixation introduced at the ul-
nar distal third, followed by plaster(4); immobilization with fore-
arm in supine position(5); percutaneous fixation(6,7); repeated plas-
ter replacements(8); immobilization with extended wrist(9), among
others. Böhler n(10) described a technique in which transfixed pins
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on bones were built in a plastered device. The basic principle
was to provide a fixed traction, preventing radius shortening. The
method was widely accepted, and, overtime, some authors such
as Anderson and O’ Neil(11); Scheck(12); Green(13); Carrozella and
Stern(14), introduced some modifications.
In the last few years, studies on wrist biomechanics(15,16) and
on the instability of complex fractures  conceptually established
the advantages of the treatment with an external fixation. Never-
theless, we think that an extended fixation time and the meta-
physeal comminution were problems which, in our point of view,
have not been solved, which led us to probe the use of a bone
graft and early mobilization.
The purpose of this study was to evaluate the treatment of 36
patients with joint and metaphyseal fractures of the distal radius
submitted to external fixation associated with autogenous bone graft.
MATERIALS AND METHODS
Within the period between July 1993 and December 1999,
36 patients with distal radius fractures have been treated at the
Hospital São Paulo of the Federal University of São Paulo (UNI-
FESP) and at the Hospital do Servidor Público Municipal de São
Paulo (HSPM-SP). They were categorized according to the me-
thod by the Association for the Study of Internal Fixation (AO/ASIF).
The sample comprised 28 women, ages ranging from 31 to
73 years old (average 51 years); and eight aged 25 – 67 years
old (average 46 years), all of them were Caucasians.
Patients’ occupations had a non-uniform distribution, except
for the housewives and retirees, totaling 13 (36.1%) of patients.
The incidence of lesions in upper body’s dominant limbs pre-
vails over the non-dominant ones: 19 (52.7%) being dominant
and 17 (47.2%) non-dominant.
Diagnosis was provided by physical examination and by ra-
diographic investigation in posteroanterior and lateral inciden-
ces, performed at baseline.
Time interval between trauma and surgery date varied from
three to five days, with an average of four days, and the follow-
up ranged from 12 to 77 months, with an average of 36.2 mon-
ths.
The thirty-six patients participating in this study were selec-
ted because of their similar characteristics, i.e., radius distal frac-
tures, simple or comminutive, articular, with metaphyseal com-
minution, treated by employing the external fixation method as-
sociated to bone graft. None of those lesions presented bilate-
rally or with bone exposure. This was a prospective study, com-
plying with a protocol developed in our medical service and ap-
plied to each patient (Table 01).
In a surgical setting, and with the patient under general anes-
thesia, new radiographic images are taken on frontal and lateral
planes, with the wrist in traction, which allows for a better view of
the metaphyseal areas and of the joint surfaces.
Patients selected for the external fixation treatment method
with surgical reduction and bone graft insertion were those pre-
senting AO-class lesions type C, groups C2 and C3. From group
C2 joint fractures with a trace of sagittal or frontal fracture and
comminutive metaphysis have been treated. (C2-1 and C2-2).
From group C3 fractures with simple metaphyseal comminution
and (C3-1) multifragmented fractures (C3-2) have been treated
(Figure 1 A,B).
At the postoperative follow-up, the progression of the osseous
positioning was checked with the aid of radiographs in PA and
lateral planes. Osseous mass evaluation was made with duo-
magnetic osseous densitometry.
SURGICAL TECHNIQUE
A pneumatic garrote is routinely used which is placed on the
arm medium third. Contralateral hip region is prepared for bone
graft removal.
 After ten minutes with the upper limb rose, the pneumatic
garrote is insufflated with 100 – 150 mmHg above patient’s sys-
tolic pressure(17) and a 3-cm longitudinal incision is performed
just above the dorsoradial base of the second metacarpal bone.
Radial sensitive nerve ramifications are visualized and protec-
ted. The retraction of the 1st dorsal interosseous muscle is per-
formed, which allows a thorough access of the radial portion of
the second metacarpal bone base. Under direct view, with the
aid of two Bennett’s retractors, the 2.5-mm self-screwing Schanz’
pins are inserted by means of a guide, motored by an electric
perforator with controllable speed. The first pin is inserted in the
second metacarpal bone and fixed on the third metacarpal bone,
in an inclination of 30-45 degrees related to the sagittal plane
with the purpose of enabling thumb extension and a good visu-
alization of the radiographic images.
 Thus, the transverse metacarpal arch is also manually main-
tained and the thumb abducted in order to prevent interdigital
contractures. A second 2.5-mm Schanz’ pin is then transfixed in
a parallel orientation to the other, targeting only the radial and
ulnar corticals of the second metacarpal bone, avoiding the vio-
lation of the second interosseous compartment. Skin and sub-
cutaneous cellular tissue are sutured with nylon monofilament 5-
0, trying not to transmit pins tension to the skin.
Proximal pins are similarly inserted through a 3-cm longitudi-
nal incision, 10 – 12 cm away from radius styloid process, under
the dorsoradial edge of its diaphysis, 3 – 5 cm proximal from
fracture site (with the forearm in neutral rotation). In this region,
the radial sensitive nerve is dissected between the brachioradial
and the carpus radial long extensor muscles, and carefully iso-
lated for pins insertion, which is performed within the interval
between carpus radial extensor long and radial short. The skin is
sutured by employing the same directions previously described.
After Schanz’ pins insertion, the external fixation device is
assembled, by fitting connectors to the pins and these to the
main tube, which is formed by two segments articulated to each
other by an universal joint (Figure 2 A,B,C).
For fractures reduction, we made use of the effects of liga-
mentotaxis, which is obtained by longitudinal traction applied to
the wrist, through straps fixed at the 2nd and 3rd fingers of the
hand, followed by a careful handling of the fracture core. A radi-
ographic control showing a good reduction determines the blo-
ckage of connectors, stabilizing the frame. By this moment, a
4.0-cm incision is performed in the region of the contralateral
iliac crest. The anterior flap is elevated with the aid of an osteoto-
me and the spongy graft of the ileum bone is removed, at a su-
fficient amount to fill the osseous gap on distal radius. For pla-
cing the bone graft on distal radius, a dorsal and longitudinal 3-
cm incision at the level of the third compartment close to the
dorsal tuberculum is performed. A Freyer’s retractor is used to
raise impacted fragments under fluoroscopic visualization. Then,
bone graft is placed. A final radiographic control on PA and late-
ral positions, previously described, is crucial for assessing the
reduction and for checking fractured metaphysis filling
(Figure 3 A, B).
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Table 1 - Patients listed by number (patient #), name initials (name), gender, age (in years), occupation,
involved side, dominant side, AO/ ASIF classification, date of surgery (surgery date), time interval (days)
between fracture and surgery (Time interval fract/ surg), follow-up time in months (follow-up).
Then, a plastered
splint for volar, antebra-
chial support is prepa-
red leaving fingers’
metacarpophalangeal
and interphalangeal
and the thumb loose for
two weeks. Upper limb
is supported by a fabric
sling extending from
the shoulder to the
hand.
Postoperatively, pa-
tients remain with the
external fixation device
for four weeks, followed
by two weeks with a
antebrachial dorsal “or-
thosis” (Figure 4 A,B),
blocking only wrist ex-
tension. Rehabilitation
starts on the 7th day
postoperatively. All pa-
tients in this study were
assessed on the 24th
week, at month 12, and
by the end of the study
(December 1999) for
anatomic and functio-
nal aspects.
RESULTS
Information regar-
ding treatment was di-
vided into two groups:
an anatomic group,
with radiology and os-
seous densitometry
data, and a functional
group, with data regar-
ding range of motion,
palmar prehension
strength, functional per-
formance (return to
work), sensitiveness
and pain.
We used the radio-
graphic evaluation des-
cribed by Scheck(12)
which analyzes the ul-
nar inclination angle
averaged 21 degrees,
radial length with final average of 11 mm, on the PA radiograph
and the volar inclination angle on lateral plane, scoring and gra-
ding the results. Those parameters were established at the 24th
week, on month 12, and by the end of this study (December/
1999) (Figure 5 A,B,C.D).
Regarding bone densitometry, all patients have been sub-
mitted to bone mass investigations on forearms. The research
was performed at the proximal and distal portions of the radius
and ulna by means of a densitometer provided with specificati-
ons for quantifying
bone mineral content
(at the regions menti-
oned above). Statisti-
cal analysis of the
comparison of data
obtained from involved
and non-involved si-
des, at each time and
for each region, sho-
wed no statistically
significant differences
on percentage variati-
ons (%) between regi-
ons on the 6th week, as
well as on the 24th
week and on months
12 and 36. Although
there is no reference
data in literature regar-
ding osseous mass
staging on individuals
suffering a distal ra-
dius fracture, we belie-
ve that the results
achieved are promi-
sing (Figure 6).
For the functional
evaluation we used the
Green and O’Brien(18)
System, modified by
Cooney et al.(19). Tho-
se achieving excellent,
good and regular gra-
des were considered
as satisfactory, totaling
86% of the patients,
and those with poor
grades (total: 14% of
patients) were consi-
dered as unsatisfac-
tory. (Data collected by
the end of the study,
in December 1999)
(Figure 7).
 The charts show
the mean progression
of ranges of motion for
the involved limb com-
pared to those for non-
involved limb on the
24th week, on month
12 and in December
1999, when this study was completed, as well as the mean pro-
gression of the prehension strength of the involved limb compa-
red to the non-involved limb on the 24th week, by month 12 and
in December, when the study was completed (December 1999).
 Minimum follow-up time for patients’ outcomes analysis was
12 months and the maximum follow-up time was 77 months,
with an average of 36.2 months. All patients were re-assessed in
December 1999 (Chart 01).
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Figure  2 A - External fixation
device, assembled
Figure  2 B - External fixation
device – components
Figure 3 A -  Metaphyseal gap –
autogenous bone graft insertion
COMPLICATIONS
During the time the fixation device was used,
the following complications were seen: 3 (8.33%)
patients presented with an inflammatory respon-
se around the pins, with heat, flush, and a slight
serous fluid. All cases progressed to infection
cure.
 Sympathetic-reflexive dystrophy occurred in
3 (8.33%) patients, two were moderate and one
severe, progressing to symptoms remission.
 Regarding fractures of the ulnar styloid pro-
cess, those occurred in all cases, with 12
(33.33%) patients developing a pseudoarthrosis,
but not asymptomatic.
DISCUSSION
Radius distal fracture occurring in an anato-
mic site is relatively small. Even if some of those
lesions reach bone diaphysis, the majority is con-
centrated on metaphyseal and joint regions of
the distal radius.
 From fresh cadavers to laboratory reproduc-
tion of lesions and their mechanical behavior, the
advent of imaging diagnosis improvement, throu-
gh computer systems and new materials used
on the reduction and maintenance of those lesi-
ons have modified concepts related to the thera-
peutic approach of distal radius fracture, which,
in literature, is marked by frequent doubts and
by multiple techniques described for treating
such fracture(10,11,04,20,,21,22,23,24,25,26,27,28,29,30). This has
led us to a retrospective review of the patients
treated up to 1991, not only regarding anatomic
and functional aspects, but also concerning the
care involved on the treatment of such lesions.
A fact that called our attention was that the
reduction of the metaphyseal comminution could
not be well resolved simply by using an external
fixation device, which led us to investigate the
use of bone graft to fill this gap, concluding, then,
that the autogenous graft might be the most fa-
vorable option.
Thus, we selected adult patients with distal
radius fractures and assessed them in a pros-
pective study, projected to a sample as much
homogenous as possible. The 36 patients repre-
sent a 9% fraction of an universe of 397 fractures
of the distal radius, which, for many different re-
asons were excluded from this sample. Fractu-
res associated with soft parts lesions have not
been included in the sample, as well as open
fractures and carpal ligament lesions and/or tho-
se with any association to other fracture of the
upper limb.
AO/ASIF classification (31), which strictly no-
tes the morphological aspects of the lesion, is
organized in an increasing order of severity for
bone involvement (Figure 1 A).
For treatment purposes, we chose those from
type C, groups 2 and 3 and subgroups 1 and 2,
i.e., those involving joint surface in a simple or
comminutive manner, associated with metaphy-
seal comminution, resulting from impacts due to
compression forces (Figure 1 B). Patients selec-
ted for the proposed treatment were submitted
to surgery approximately four days after trauma.
We preferred the general anesthesia due to both
surgical steps: bloody reduction of fracture and
bone graft removal.
Under a technical point of view, we develo-
ped an external fixation device, Moldaço brand,
patent number MU 6801401-Brazil, with good
stiffness conditions(32), light-weighted, low profi-
le, radiotransparent, multiplanar, with affordable
price, patented by SPI Marcas & Patentes S/C
Ltda (Figure 2 A).
The majority of complications and criticisms
mentioned regarding external fixation is related
to pins, their insertion and theoretical low stabili-
ty provided by the frame, and due to its long time
of use(33,34). We tried to control or prevent those
issues by introducing the pins through a mini-
mally opened access, preserving vessels, ner-
ves, muscles and tendons. In order to reduce
micromovements in the pin-bone interface, di-
rectly related to loosening and infections situati-
ons(35), we applied a curving load slightly con-
vergent on pins through the connector and throu-
gh bone holes perforations achieved with the aid
of a specifically-configured guide(36).
  Figure 1 A -  Distal radius fractures classified by AO/
ASIF method
              Figure 1 B - Kinds of distal radius fractures selected
for treatment
Figure 3 B - Intraoperative
radiographic control
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Figure 4 A - Postoperative
period up to 4 weeks –
pronation/supination and hand
joints rehabilitation
 Figure 4 B - 4 to 6-week
postoperative period – orthosis
blocking wrist extension
Figure 5 A - Radiographic
evaluation – 67 year-old patient
with a C3,1 fracture
Figure 5 B - Immediate
postoperative period
About the pins fixation in the bone, we agree
with Seitz et al.(37) who have fixated four pins:
two proximal, passing through four radius corti-
cal and two distal, with the first traversing the
second and third metacarpal bones, transfixing
four corticals. The second pin passes through
the second metacarpal bone and through two
corticals. We kept the index finger’s metacar-
pophalangeal joint in a 90-degree flexion posi-
tion at the moment those pins were inserted,
since a shift to the ulnar side of extensor ten-
dons and peritendinous structures occurs(38).
Once the device is fixed, reduction is achie-
ved because of the effects of ligamentotaxis(39),
i.e., the reorganizing effect of the intact radio-
carpal extra-articular ligaments on shifted frag-
ments, which reconstruct radius compartment
and the radial inclination angle, but fails on res-
toring volar inclination angle(13,40,41), since volar
radiocarpal ligaments are shorter(16).
With the use of the safety measures above
mentioned, the surgical technique for inserting
pins did not result in any complications regar-
ding nervous, tendinous and osseous lesi-
ons(42,43). Regarding the use of an external fixati-
on device in patients with osteoporosis, we
agree with the authors Cooney(44) and Hass and
De La Caffiniere(45), being used only in patients
up to 73 years old.
Fractures severely involving joint and meta-
physis not only lose the reduction of joint incli-
nation angles, but also the maintenance support
of radius facettes, resulting in radius shortening.
Many authors have proposed the primary use
of spongy bone graft, whether associated to the
osteosynthesis or not, as a treatment alternati-
ve for such cases, in which good anatomic and
functional outcomes are reported(46,47,48,50). They
noted that when the fixation device was used
without a graft, a collapse of the fracture zone
occurred. They considered that a spongy bone
graft produces both a mechanical stabilizing
effect and a biologic osteoinductor or osteoge-
nic effect, while increasing fracture stability and
union speed. Indeed, biomechanical models de-
monstrated that fracture spaces filling tend to
absorb part of axial forces that are distributed
between the radius and the external fixation
device, decreasing frame tension, pin-bone in-
terfaces and enhancing system stability(34), and
also promoting an important increase of mine-
ral density, as demonstrated by Carter Dr, Hayes
WC50)
On the other hand, we are aware of the oc-
currence of direct spongy union with cell proli-
feration in metaphyseal fractures, accompani-
ed with a quantitative increase of bone mass,
provided a close and steady contact is maintai-
ned between fragments. In such conditions, the
spongy layer consolidates sooner than the cor-
tical layer(51).
As for the location of bone graft removal we
had no complications such as those found by
Cockin(52),  who mentioned a 10% complication
rate in his 118 review cases, and by Youger and
Chapman,(53) who found a complication rate of
up to 20%.
Functional rehabilitation plays an important
role in our methodology through the early wrist
mobilization, we remove the external fixation de-
vice in all patients on the 4th week replacing it
by a dorsal “orthosis” which allows wrist flexion,
but prevents its extension for two weeks; this was
made possible due to a strict control during the
fixation period, with no cases of reduction loss.
The difference regarding the shorter period of
time in which the fixation device is used is pro-
bably due to the bone graft allowing its earlier
removal.
 Bone metabolism goes through two physio-
logical stimuli by the moment of fracture and
during its treatment: one stimulus is osteogenic,
for repairing lesion, and the other is osteopenic,
as a result of disuse. The results showed a ma-
tch with the non-involved side, demonstrating
that at least there was no change on bone mass
at the studied site, which corroborates to the bi-
omechanical idea that the stability strengthening
due to the graft promotes an initial outcome in
six weeks and definitely establishes the cure.
Further studies will certainly be required for es-
tablishing the real advantages of this investigati-
on, which, however, presents a less invasive
method due to the use of lower amounts of x-ray
loads.
In this study, the final radiographic result was
graded as satisfactory in 100% of the cases, both
on the 24th week and to date (December/ 1999).
 Regarding functional results, our patients
achieved an average of 44.7 degrees of wrist
movement. Regarding the prehension force, (cor-
responding to 75.15% of the non-involved side),
with non-involved wrist average being 25.1 kgf.
 In our opinion, the treatment for this kind of
fracture should be surgically-based due to the
fact that this is a lesion presenting clear charac-
teristics of instability. Such approach should be
extended to elderly active patients, who, due to
their life expectation rates today, also expect bet-
ter outcomes and a shorter treatment.
 We achieved fractures reduction and kept
them with the external fixation device and with
the bone graft until patients could start their
Figure 5 C - Final PA outcome
compared to the opposite side
Figure 5 D - Final lateral
outcome compared to the
opposite side
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Figure 6 - Bone densitometry of the right operated side, compared
to the non-operated side, showing no significant differences on
percentage variations.
Figure  7 A -
extension
Figure  7 B -
flexion
Final functional outcome after 36-month
postoperative period
Figure  7 C –
pronation
Figure  7 D -
supination
Final functional outcome after 36-month
postoperative period
rehabilitation. The time spent
until this point should be as
shortest as possible. As oppo-
sed to other methods, at the im-
mediate postoperative period,
some rehabilitation measures
are already taken, as well as
during the period of wrist exten-
sion restraining. Average time
for starting rehabilitation has
decreased and the total time for
returning to occupational acti-
vities was approximately three
and a half months. In addition,
there was a gradual increase of
the prehension force over time,
especially for those patients
who practiced strong activities
with the involved limb. It was
clear that the reduction enhan-
cement is reflected to a functi-
on enhancement. Our functio-
nal and anatomic results, ho-
wever, do not allow us to con-
clude that this method is supe-
rior to other reported methods.
Many of them have achieved a
high percentage of excellent
and good results, such as the-
se achieved in this study. Ho-
wever, we cannot lose sight
of certain disturbing questi-
ons: should we shorten tre-
atment length? How to do
this safely?
CONCLUSION
1) External fixation asso-
ciated with autogenous
bone graft assured the re-
duction and stabilization of
joint and metaphysis fractu-
res of the distal radius clas-
sified by AO/ ASIF method,
types C, groups 2 and 3 and
subgroups 1 and 2.
2) Bone graft was kept
in place over time and allo-
wed for the removal of the
external fixation device wi-
thin four weeks.
3) After the removal of
the external fixation device
in four weeks, there were no
changes on radiographic
parameters.
4) Functional results were
satisfactory in all cases.
CHART - Anatomic and functional outcomes
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